We measure the aggregate effect of unemployment benefit duration on employment and the labor force. We exploit the variation induced by Congress' failure in December 2013 to reauthorize the unprecedented benefit extensions introduced during the Great Recession. Federal benefit extensions that ranged from 0 to 47 weeks across U.S. states were abruptly cut to zero. To achieve identification we use the fact that this policy change was exogenous to cross-sectional differences across U.S. states and we exploit a policy discontinuity at state borders. Our baseline estimates reveal that a 1% drop in benefit duration leads to a statistically significant increase of employment by 0.019 log points. In levels, 2.1 million individuals secured employment in 2014 due to the benefit cut. More than 1.1 million of these workers would not have participated in the labor market had benefit extensions been reauthorized.
Introduction
Our objective in this paper is to assess the impacts of unemployment benefit extensions on the labor force and employment. Measuring the magnitude of these effects is manifestly important for understanding the economic consequences of this widely used policy instrument.
Yet, the existing literature provides little information on the size, let alone the sign of these effects. In the theoretical literature the effect of benefit extensions on employment is generally ambiguous. Basic decision theory suggests that some unemployed may increase their search effort in response to a cut in benefits, while others, who were mainly searching to qualify for benefits, might drop out of the labor force once losing eligibility, leading to offsetting effects on employment. Equilibrium job search theory typically implies a positive effect of a cut in benefit duration on job creation. This makes it easier for the unemployed to find jobs and might induce those previously out-of-labor force to rejoin the labor force, leading to an increase in employment with an ambiguous effect on unemployment since the number of job vacancies and the number of searchers increases at the same time. The empirical micro literature has focused almost exclusively on measuring the effects of benefit eligibility on the search effort of unemployed workers -a focus that is too narrow to infer the total impact of benefit duration on employment. The estimates in the quantitative macro literature vary widely depending on the value of parameters which are notoriously difficult to identify. Moreover, the literature generally ignores the effect of policies on participation decisions of those out-of-the-labor force, which limits their ability to measure the total effect on employment. Indeed, in the data the flow from non-participation into employment accounts for over 60% of all transitions into employment.
We propose to sidestep these difficulties by directly measuring the employment and labor force impacts of a large nationwide cut in benefit duration in December 2013. The attractive feature of this quasi-natural experiment is that its effects can be measured using standard empirical techniques that do not require imposing assumptions of a particular labor market model on the data. Specifically, we measure the impact of the December 2013 decision by
Congress to terminate the Emergency Unemployment Compensation Act of 2008 (EUC08)
which abruptly lowered benefit duration in all states to their regular duration of typically 26 weeks. This decision terminated an unprecedented extension of unemployment benefit durations adopted by policymakers following the onset of the Great Recession. While benefit durations began declining in some of the states starting in 2011, even by the end of 2013, right before the reform and long after the recession had ended, the average benefit duration across U.S. states stood at 53 weeks.
The decision to eliminate benefit extensions at the end of 2013 was quite controversial.
Summarizing the conventional wisdom at the time, the Council of Economic Advisers and the Department of Labor (2013) predicted that 240,000 jobs would be lost in 2014 because of the negative impact on aggregate demand. Many economists voiced a concern, first articulated in Solon (1979) , that without access to benefits unemployed workers will stop searching for jobs and will exit the labor force instead.
However, the U.S. labor market performance in 2014 surprised many observers (though not all, see e.g. Mulligan (2015) ). Figure A-1 in the Appendix reports some basic aggregate statistics. Average employment growth was about 25% higher in 2014 than in the best of several preceding years. The employment-to-population ratio rose. The unemployment rate declined sharply. In contrast to typical predictions, the labor force participation rate suddenly halted its steady secular decline. The number of job vacancies that employers were trying to fill increased sharply.
At the national level, however, it is difficult to ascertain the extent to which these aggregate labor market developments were induced by the elimination of unemployment benefit extensions. The fact that aggregate productivity growth was slower in 2014 than in the preceding years eliminates the most prominent alternative explanation. While that can help explain the low observed wage growth in 2014, it cannot reconcile the low wage growth with the otherwise booming labor market. However, based on aggregate data alone, it appears difficult to rule out the possibility that some other aggregate shocks (coincidental with the decline in benefit duration) suddenly spurred the decisions of firms to create job vacancies and of jobless workers to accept them.
To overcome this difficulty, we take a different route in this paper. In particular, we exploit the fact that, at the end of 2013, federal unemployment benefit extensions available to workers ranged from 0 to 47 weeks across U.S. states. As the decision to abruptly eliminate all federal extensions applied to all states, it was exogenous to economic conditions of individual states.
In particular, states did not choose to cut benefits based on, e.g. their employment in 2013 or expected employment growth in 2014. This allows us to exploit the vast heterogeneity of the decline in benefit duration across states to identify the labor market implication of unemployment benefit extensions. Note, however, that the benefit durations prior to the cut, and, consequently, the magnitudes of the cut, likely depended on economic conditions in individual states. Thus, the key challenge to measuring the effect of the cut in benefit durations on employment and the labor force is the inference on labor market trends that various locations would have experienced without a cut in benefits. Much of the analysis in the paper is devoted to the modeling and measurement of these trends. However, to immediately reduce the importance of heterogenity of underlying employment trends, we focus the analysis on comparisons of labor force and employment dynamics between counties that border each other but belong to different states and thus experience different changes in benefit durations. This is helpful because, as we explain below, underlying economic fundamentals are expected to evolve more similarly across counties bordering each other than across states or randomly paired counties.
After describing the institutional features of the U.S. unemployment insurance system and the details of the policy change in December 2013, in Section 2 we provide a very basic description of patterns in the data. We find that employment growth was much higher in 2014 in the border counties that experienced a larger decline in benefit durations relative to the adjacent counties. What makes this finding even more striking is that year after year prior to 2014 the relative employment growth was lower in the high benefit counties. The abrupt reversal in the relative employment growth trend of border counties belonging to high benefit states in December 2013, right at the time when the benefit durations were cut, strongly suggests that our analysis indeed identifies the implications of this particular policy change. There were no other policy changes at the turn of 2014 that could have differentially affected states depending on their pre-reform benefit duration and had significant labor market implications.
The primary focus of the formal analysis in the paper is on measuring the counterfactual trends in labor force and employment that border counties would have experienced without a cut in benefits. We build on two distinct methodologies in the literature for doing so. The methodologies differ primarily in whether the post-reform observations are used for measuring the counterfactual employment trends. The more common approach in the macro and labor literature is to use both pre-and post-reform information. We develop the associated econometric methodology for formally measuring the effects of unemployment benefit extensions in Section 3. Specifically, we consider three models of county-specific trends that differ in their flexibility and the ease of interpretation. The first one is the workhorse in the literature due to its parsimony and its reliance on easily interpretable variables. It allows for permanent (over the estimation window) differences in employment across border counties which could be induced by the differences in other policies (e.g., taxes or regulations) between the states these counties belong to. Moreover, employment in each county is allowed to follow a distinct deterministic time trend. The model also includes aggregate time effects and controls for the effects of unemployment benefit durations in the pre-reform period.
The second and third models are motivated by the economics underlying the existence of potentially heterogeneous trends across border counties. Specifically, these trends reflect the systematic response of underlying economic conditions across counties with different benefit durations to various aggregate shocks and the heterogeneity is induced by differential exposure of counties to these aggregate disturbances. For example, Holmes (1998) argued that border counties may differ in the share of manufacturing industry employment, due to different state right-to-work laws. In this case, aggregate shocks affecting the relative productivity of manufacturing industry will have a different impact on the employment in the two border counties.
Similarly, foreclosure laws differ across states, implying that aggregate shocks to house prices have a different impact on the construction industry, and, say, demand for goods and services in the two border counties. This may also induce different trends in employment in the two border counties. Thus, there are numerous aggregate shocks that potentially induce different trends across border county pairs.
Motivated by this theory of trend heterogeneity, in the second model we extend the original specification to also include various measurable aggregate factors (e.g., oil prices, construction employment, etc.) and estimate county-specific loadings on these factors to capture the heterogeneous exposure of counties to these observed aggregate variables. While this specification remains very transparent, the ability of the model to identify the correct counterfactual trends depends on the selection of the appropriate aggregate factors. We bypass the need to select individual aggregate factors in the third model, although at the cost of losing interpretability of the aggregate factors. Specifically, we use a very flexible interactive effects specification of the county-specific trends developed in Bai (2009) . The interactive effects estimator simultaneously identifies the important unobserved aggregate factors and measures their heterogeneous impacts through county-specific factor loadings. Note that because factors and loadings are simultaneously estimated, measuring of the counterfactual trends following the reform necessitates the use of the post-reform data.
The second methodological approach that we develop in Section 6 builds on the event study methodology. In this approach the employment and labor force trends across counties are estimated based on the pre-event (cut in benefit duration) information only. The estimates are used to predict the evolution of the relevant labor market variables in the absence of the unexpected cut in benefits. A comparison of the predicted values of these variables to the actually observed ones following the benefit cut reveals the effect of the change in policy.
Using only the pre-event window for estimation minimizes the effect of the event itself on the estimated trends.
The results of the empirical analysis based on these two methodologies are presented and discussed in Sections 4 and 6, respectively. While there is clear variation across the four approaches we use to estimate the counterfactual employment trends across counties, overall the results are quite consistent. This happens because counterfactual employment trends in the labor force and in employment estimated using the four approaches we consider are fairly similar, and capture quite well the small differences in employment growth of neighboring counties. This allows us to conclude that, conditional on these trends, the common trend assumption is satisfied. We can therefore obtain consistent estimates of the effects of the cut in benefit durations on labor force and employment. All four specifications imply that changes in unemployment benefit duration have a large and statistically significant effect on employment: a 1 percent drop in benefit duration increases employment by 0.0144 to 0.0233 log points across specifications. Importantly, we also find that more than half of the increase in employment attributed to the cut in benefits was due to an increase in the labor force.
Our analysis thus implies that, not only did the unemployed not drop out of the labor force because of losing entitlement to benefits, but instead those previously not participating in the labor market decided to enter the labor force. These effects are not unexpected in light of equilibrium labor market theory which implies an increase in job creation in response to a cut in benefit duration. The increased availability of jobs than draws non-participants into the labor market.
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These estimates are based on the differential response of the labor force and employment between bordering counties to changes in benefit duration. To the extent that economic activity reallocates in response to differences in benefit durations across counties, the effects of such a reallocation are reflected by our estimates. It would be desirable, however, to be able to aggregate these estimates to obtain the effect of the nation-wide change in benefit duration that precludes the possibility of reallocation of economic activity. To this end, we document that individuals do not change the location of employment in response to changes in benefits.
In addition, we do not find any differential impact of benefit duration changes on employment shares of tradeable and non-tradeable sectors. Using a simple trade model with frictional labor markets, we show that these observations allow us to aggregate county-level elasticities to the nation-wide one. Empirically, we find that our estimates imply that the cut in benefit duration accounted for between 50 and 80 percent of aggregate employment growth in 2014.
As follows from the discussion above, to help guide economic theory, the joint evolution of employment and labor force in response to unemployment benefit duration changes is most informative. The only data source in the U.S. that contains both measures at the countylevel at a reasonably high frequency is the Local Area Unemployment Statistics (LAUS).
Conveniently for our purposes, both variables are also consistently defined and represent the counts of individuals in different employment states at each point in time. A complementary data set that is often used to measure county-level job counts covered by the unemployment insurance system is the Quarterly Census of Employment and Wages (QCEW). In Section 5, we repeat the entire analysis using QCEW data. We find that across all four specifications that we consider, changes in unemployment benefits have a large and statistically significant effect on job counts: a 1 percent drop in benefit duration increases the number of jobs by 0.010 to 0.0236 log points. The point estimates for the increase in the number of jobs is somewhat smaller than the estimate of the effect on employment. This might indicate that a cut in benefits leads to an increase in the number of full-time jobs at the expense of part-time jobs. The theoretical prediction that an increase in job availability draws non-participants into the labor market is the standard one in the literature. See Pissarides (2000) Ch. 7 for a textbook treatment and Krusell et al. (2015) for a modern quantitative evaluation and additional references.
2 This happens because QCEW counts the number of jobs while LAUS counts the number of individuals who have at least one job. Thus, for example, if a worker holding two part-time jobs secures a single full-time job, the QCEW job count would decline by one while LAUS employment would not be affected. This is not the only possibility, however, since the covered population also differs across the two data sets.
The only other paper to provide a direct estimate of the total impact of unemployment benefit extensions on employment is Hagedorn et al. (2013) . The objective of that paper was to measure the effects of benefits on unemployment in a way that is consistent with the standard equilibrium labor search model and to assess whether the model provides a coherent rationalization of the joint evolution of various labor market variables in response to unemployment benefit extensions. That paper exploits multiple changes in benefits over time and space which necessitates the development of a novel structural measurement methodology that controls for agents' expectations regarding future policy changes that is consistent with the theoretical model. Our focus in this paper is instead on the measurement of the effects of a one-time permanent change in unemployment benefit extensions on employment. We exploit the variation induced by the policy reform that lends itself to the analysis using the standard tools developed by labor economists. This allows us to conduct the measurement without imposing any theoretical restrictions of a particular labor market model. Nevertheless, we compare the results in the two papers below and find that they imply a quantitatively similar negative impact of benefit extensions on employment. In addition, Mulligan (2015) computes the employment effect of the policy reform based on his measure of the change in implicit marginal tax rates on work associated with the reform and obtains a very similar aggregate employment impact to the one we find. Johnston and Mas (2015) study a similar, albeit smaller, policy reform and find a significant positive employment impact of the abrupt cut of benefit duration in Missouri in 2011. While our estimates based on the nation-wide reform have the same sign, they are two to three times smaller in magnitude than theirs.
2 Data and the Unemployment Insurance Reform
Policy Environment
Prior to the onset of the Great Recession, unemployed workers in most states qualified for 26 weeks of unemployment compensation paid by the state in which the lost job was located.
3 In response to the deterioration of labor market conditions, the federal Emergency Unemploy- An important property of the decision not to renew benefit extensions in December 2013
is that it applied to all states, regardless of their economic conditions. In particular, the states could not choose whether to be treated by this reform, for example, based on their employment in 2013 or expected employment growth in 2014. The fact that the policy change was exogenous from the point of view of an individual state, allows for a relatively straightforward identification of its labor market impact. This contrasts sharply with the gradual decline in benefit durations in many states since 2011. While those declines could have had significant labor market implications, those policy changes were endogenous to a state's labor market conditions, making the identification of the effects of policies challenging.
While from the outset, the federal unemployment benefit extension program was under- paid benefits for a record 66 months, over two years longer than any prior discretionary benefit extension program. However, the U.S. unemployment rate was higher and the long-term unemployment rate was at least twice as high as it was at the expiration of every previ- that, to the extent that economic agents were able to forecast the expiration of unemployment benefit extensions prior to December 2013 and adjusted their actions accordingly, and to the extent that they were uncertain about the possibility of the extensions being re-authorized at some point in 2014, our estimates will provide a lower bound on the effects of the policy change.
A First Look at the Data
As a first step in exploring whether this exogenous policy change helps account for some of the Figure 2 . Specifically, each point represents the difference between high and low benefit border counties in the difference in employment or labor force in the year following that quarter and level values. This has no material impact on the analysis in this paper since the policy change was exogenous to cross-sectional differences across U.S. states. In addition, our formal analysis includes estimating counterfactual employment trends for each county that are allowed to capture the potential residual impact of state-level trends. Figure 2: Difference between high and low benefit border counties (benefit differences defined in the corresponding quarter) of the difference in employment and labor force growth in the year after and year before the corresponding quarter. Points to the right of the dashed line include data post EUC expiration.
the year preceding it. Note, that points to the right of the dashed line include data post-EUC expiration. They imply that the fast growth of relative employment and labor force in counties that had high benefit duration in December 2013 is a unique development. For example, the high benefit duration counties in December 2012 did not experience a faster employment growth in 2013 relative to their lower benefit duration counterparts. To put this differently, the actual reform in December 2013 was followed by a fast recovery of relative employment in counties with high benefit durations just before the reform. Performing "placebo" reforms in any other quarter of the sample does not indicate fast growth of employment among counties with high benefit durations on the eve of the placebo reform.
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The idea of identification of the effect of benefit duration on employment is simple. The decision to cut benefit duration was exogenous from the point of view of every individual county but the magnitude of the cut depended on the duration of benefits in December 2013.
A county with high benefit duration experienced a larger cut than a county with already low benefit duration. We then compare the difference in employment across the two counties before the reform (benefit duration cut in December 2013) to the difference in employment after the reform. In contrast to a standard diff-in-diff analysis where a control group is not treated, all counties are treated here but at a different intensity. The county with high benefits prior to the reform in December 2013 experiences a larger reduction in benefit duration and thus a larger treatment than the neighboring county with low duration which is treated at a lower intensity. We refer to the first county as the treated one and to the latter one as the control one whenever such an analogy to the standard diff-in-diff methodology clarifies our approach. Conducting this comparison of treatment and control counties for all county pairs in the data provides an estimate of the employment effect induced by the benefit reduction.
The typical diff-in-diff logic implies that permanent differences in the level of employment between two neighboring counties are not a concern. Even if these differences are related to the different benefit duration levels in the past, the double differencing eliminates such differences in the level of employment. However, to obtain an unbiased estimate, it is required that the benefit duration in December 2013 was unrelated to a preexisting trend in employment that continued in 2014. To clarify this potential concern with an example, suppose that counties with high benefit duration in December 2013 had a positive employment trend in 2013 that would had continued in 2014 even without the benefit duration cut. In this case, the analysis would yield an upward biased estimate of the effect of benefit duration, since the employment gain in 2014 would be fully attributed to the benefit cut, whereas it is partly the result of a continuing trend. In contrast, if the control county with low benefit duration prior to the reform had the same trend in employment as the treated neighboring county with high benefit duration (common trend assumption), there would be no systematic difference in employment between the counties in the absence of a reform. In this case one can attribute the difference in employment in 2014 to the reform.
Note that our strategy of comparing neighboring counties from different states instead of some arbitrary counties or states (with different benefits) makes the common trend assumption a fairly reasonable one. As the median border county has only one half of one percent of its state's employment, it seems plausible that changes in employment trends in most individual counties are unlikely to induce unemployment policy changes determined at the state level. This is not a necessary condition, however. More importantly, neighboring locations separated by a state border share the same geography, climate, access to transportation, agglomeration benefits, access to specialized labor and supplies, etc. Moreover, Hagedorn et al. (2013) provide evidence that economic shocks do not stop when reaching a state border but tend to propagate smoothly in space. This implies that the underlying economic fundamentals are expected to evolve relatively similarly across counties bordering each other. The key feature that sets border counties apart is the difference in policies on the two sides of the border (unemployment benefit policies are set at the state level and apply to all counties within a state). These observations imply that absent state policy differences, the employment trends induced by fundamental economic shocks are expected to be similar across border counties in the same pair.
Thus, we begin our exploration of basic patterns in the data by simply assuming that the difference in benefit levels across two neighboring counties (determined at the state level) is not correlated with the difference in employment trends across the two counties. We considerably weaken this assumption in the formal analysis in subsequent Sections of the paper. Note that even the strong assumption underlying our exploration in this Section is much weaker than in existing work based on the border-county methodology as the policy change at the end of 2013 was exogenous to cross-sectional differences across U.S. states.
Following this logic, a sudden reversal of fortune experienced in 2014 by high benefit counties, evident in Figure 1 , suggests that the cut in benefits led to a substantial increase in employment. After a long period of relative employment losses, the high benefit counties experienced a relative average employment gain of 0.50 percent in 2014. As the average benefit duration before the policy change was 56.7 weeks in the high benefit counties and 47.6 weeks in the low benefit counties, the implied total employment gain from cutting benefits from an average level of 53 weeks to 25 weeks equals: 53 − 25 56.7 − 47.6 0.50% = 1.5%.
Thus, ignoring (for now) the potential aggregation issues, this simple calculation suggests a large increase in employment due to the cut in benefit durations. Similarly, for the labor force:
53 − 25 56.7 − 47.6 0.43% = 1.3%. In what follows we relax the common trend assumption underlying this simple experiment and allow for the possibility that unobserved trends could have led to high employment growth in border counties belonging to high benefit duration states even in the absence of the change in benefit durations. Specifically, we perform a more sophisticated econometric analysis that includes the estimation of the difference in trends between border counties in each pair.
To provide a simple visual verification that even the least flexible model of a trend ensures that the residual common trend assumption is satisfied, consider Figure 3 , which plots the average difference in residuals between high and low benefit counties (as measured in December 2013) obtained by regressing over the 2010-2013 period county employment or labor force on a linear time trend, county fixed effects, and quarter dummies to remove seasonality.
The residuals are close to zero through the end of 2013 -indicating the lack of important residual trends in the data (we will nevertheless use much more flexible models of trends below to guarantee this). Taking into account these linear trends, however, does not overturn our observations made based on Figure 1 . Using the same estimates to construct the residuals in 2014 we observe, consistent with our previous reasoning, large positive residuals following the reform, indicating that the evolution of labor force and employment in 2014 was not the result of pre-existing trends.
Empirical Methodology I
In this Section we describe the common methodology in the macro and labor literature for measuring the effect of the reform.
9 This approach utilizes both pre-and post-reform information to measure the counterfactual trends in the labor force and employment that border counties would have experienced without a cut in benefits. We develop three distinct models of county-specific trends that differ in their flexibility and the ease of interpretation. Estimating these models reveals the effect of benefit duration on the difference in labor force or employment between border counties. At the end of this Section we show how these estimates can be aggregated to obtain an effect of the nation-wide change in benefit duration.
Core of the Empirical Specification
Our objective is to measure the effect of the cut of benefit durations in December 2013 on employment. The effect of this particular policy change on log employment e i,t in county i in calendar quarter t is captured by the coefficient α in the regression equation
where I t≥2013/Q4 is one for the policy change period starting in 2013/Q4 and is zero otherwise, b i,t is measured as the logarithm of available benefit duration, and the residual error term i,t contains all other determinants of employment in county i at time t. Below we develop alternative specifications of the stochastic process i,t , which include allowing for county fixed effects, county specific time trends, a very general factor model structure, etc. Estimating this process, e.g. a county specific time trend, requires to use data (on employment) prior to 2013/Q4. To ensure a consistent estimate of the trend, the specification then also has to control for the logarithm of benefit durations prior to 2013/Q4, of course, with a different coefficient κ, as the coefficient of interest α measures the effect of the 2014 exogenous policy change:
As explained above, we consider the difference in employment of a pair p of counties i and j which border each other but belong to different states. For each border-county pair p, we difference Equation (4) between the two border counties i and j:
where ∆ is the difference operator over counties in the same pair. More specifically, if counties i and j are in the same border-county pair p, then ∆e p,t = e p,i,t − e p,j,t and ∆b
This is the core specification we use throughout this section of the paper. We augment it with different models of the stochastic process i,t that we develop next. It is important to keep in mind that the effects of shocks or policies that affect these counties symmetrically are differenced out since our estimates are based on the differences across border counties.
Baseline Empirical Model and Identification
Our benchmark specification represents the standard approach in the literature, which allows for permanent and temporary differences in employment e across counties caused by, e.g., permanent differences in tax policies across states they belong to and it also contains county specific employment trends. In addition, we control for aggregate time effects:
where γ i is the county specific time trend of county i, φ i is a county fixed effect and δ t is a time dummy. Differencing the error term across counties in the same pair, we obtain
Our baseline specification can then be written as
Note that since we have several years of pre-reform data we can identify a pair-specific trend, 10 which would not be possible if we had only one pre-reform and one post-reform observation for every county pair. This data-rich environment thus allows us to precisely estimate the pre-existing trend implying that differences in trend employment do not bias our results. The identification assumption for the effects of benefits on employment is thus conditional on the pair-specific trend, the pair-specific fixed effect and the time effect:
Corr(I t≥2013/Q4 ∆b p,t , ν p,t ) = 0.
As in any difference-in-differences analysis, the parameter of interest α is identified off the change in benefits when EUC08 expires. The expiration of benefits is exogenous with respect to cross-sectional differences in county employment. To understand what assumption (9) rules out, imagine for a moment that our dataset contained just two counties i and j in a pair p where county i has higher benefits at the end of 2013 than county j. In this case our estimate would not recover the true effect of benefits on employment if county i would have had higher employment growth (relative to the estimated trends) than county j even in the absence of the benefit cut. In this case we would attribute some of the differences in employment growth to the cut in benefits although not all of the employment differences are related to benefits.
However, our dataset contains not just one county pair but 1,175 of such pairs. The identifying assumption then rules out that the higher benefit counties would have had on average higher employment growth in the absence of the policy reform and does not rule it out for every individual pair. It is important to recognize that this assumption is conditional on using pair-specific trends to remove differences in trends between counties in a pair. The figures in Section 2.2 above lend support to the identifying assumption as, prior to the policy change, high benefit counties did not show on average faster employment growth than their low benefit counterparts in the border pair. Instead, one clearly sees a sudden rise in employment growth just when benefits were cut at the turn of 2014, but no sign of recovering, say, mechanically due to mean reversion, prior to the benefit expiration. Moreover, as discussed above, with the exception of the expiration of EUC08, there were no policy changes or other developments that could have plausibly induced the co-movement between the size of the benefit cut and the subsequent employment growth across border counties. Finally, it is also important to note that to violate the identifying assumption, the higher average employment growth in the higher benefit counties in the absence of the experiment would have to be purely mechanical and not behavioral since counties and states could not select into the experiment based on their employment in December 2013 nor on their expected employment growth in 2014. That means, that the exogeneity of the program rules out a version of a behavioral Ashenfelter's "dip."
Factor Models
An alternative modeling strategy for heterogeneous county-level employment trends formalizes the insight that these trends are induced by the differences in exposure of counties to various common aggregate disturbances. The differences in exposure may arise due to, e.g., differences
in sectoral composition, which may themselves be a consequence of heterogeneity in the host of other state-and county-level policies. We therefore decompose the error term in Equation (5) as
where λ i , λ i (r × 1) are vectors of county-specific factor loadings and F t (r × 1) is a vector of time-specific common factors. Note that this general notation nests additive county-level fixed effects, county-specific time trends, and aggregate time effects. 11 Our baseline specification can then be written as
What remains to be done is to specify the aggregate factors. To this aim we pursue two approaches.
Latent Factors Model
The first approach treats the factors as being unobserved so that both the factors and factor loadings are parameters to be estimated. Specifically, we use an interactive-effects estimator that was shown in Bai (2009) to achieve consistency and proper inference in a panel data 11 Suppose there are two factors in F t = 1 ξ t (among others) with associated loadings λ i = ψ i 1 , context, such as ours.
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Note that the interactive effects model, in addition to additive time and county fixed effects, allows for a very flexible model of the heterogeneous time trends at the county level.
To implement this estimator, we need to specify the number of factors. Bai and Ng (2002) have shown that the number of factors in pure factor models can be consistently estimated based on the information criterion approach. Bai (2009) shows that their argument can be adapted to panel data models with interactive fixed effects (see Appendix I).
Note that since this estimator involves estimating the values of aggregate factors in every period, to predict counterfactual trends it is necessary to use the post-reform data in estimation. The factor loadings, however, are mainly identified from the period before the reform in 2013/Q4 as our estimation sample starts in 2005/Q1.
The flexibility of this modeling approach comes at the cost of not being able to assign a clear economic interpretation to estimated factors. To the extent that we are only interested in an unbiased estimate of the effects of benefit on employment only, however, the interpretability of estimated factors is not a relevant concern.
"Natural" Factors Model
While the latent factor approach is very flexible, the selection of factors is based on statistical rather than economic considerations. To provide a more economically grounded model, we consider a hybrid of the previous two models:
The key difference to the latent factor models is that now we select a set of observed aggregate factors to include in F t that economic analysis suggests are important in inducing heterogeneous trends across counties. Thus, with the appropriate selection of the aggregate factors, this specification approaches the flexibility of the latent factor model while inheriting the transparency of the baseline specification.
Aggregation of Local Employment Effects
Our estimate of the effect of unemployment benefit extensions on employment is based on the difference across border counties. It is desirable to be able to use the resulting coefficient to predict the effect of a nation-wide extension. A potential concern is that when some states extend benefits more than others, economic activity may reallocate to states with, say, lower benefits. This reallocation is picked up by our estimates but will be absent when the policy is changed everywhere. Our results in Section 4.2.1 below alleviate such concerns. First, we find large negative effects of unemployment benefit extensions on employment in sectors commonly considered non-tradable and thus not subject to reallocation. Second, we find that unemployed workers do not change the strategy of which county to look for work in response to changes in benefits. Building on these insights, we show in Appendix II that we can use the estimates obtained at the county level to compute the change in US employment due to the cut in benefits in a model where each county is an open economy in the (closed) US economy and the labor market in each county is governed by a Mortensen-Pissarides search and matching model. Each county produces (and consumes) a nontradable and a tradable good. Both sectors, the one producing the tradable good and the one producing the nontradable one, operate in the same labor market and are subject to the same labor market frictions. We then show that our elasticity for the employment response at the county level can be used at the aggregate level as well.
Specifically, due to the absence of reallocation and mobility caused by a change in benefits we can estimate Equation (5) in the data and recover the coefficient of interest α and use it to compute the percentage increase in U.S. employment in 2014 that is caused by the cancellation of extended benefits as 
where E
2014
U S refers to U.S. employment in December 2014. Estimating Equation (5) but replacing the difference in the log of the number of employed in the border county pair on the left hand side with the corresponding difference in the log of the number of labor force participants allows as to compute the effect of the cut in benefits on the labor force. Using the analogues to Equations (13) and (14), we can then measure the percentage increase in the labor force π L and the increase in the number of labor force participants ∆ L as a consequence of the policy reform.
Placebo Reform Analysis
In addition to measuring the effects of the actual cut in benefit duration in December 2013, we also re-estimate each empirical model in the paper to assess the effects of a placebo reform.
Specifically, we counterfactually assume that benefit durations were cut nationwide starting in the second quarter of 2010. We choose this date for the placebo reform for two reasons.
First, there were no actual cuts in benefit duration in 2010, meaning that the counterfactual reform was a true placebo. Second, the second quarter of 2010 represented a turning point in the dynamics of aggregate unemployment, which declined significantly for the first time since the onset of the Great Recession.
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The objective of estimating the effects of the counterfactual placebo reform is to verify whether the turning point of employment dynamics in 2013/2014 of high relative to low benefit countries was indeed caused to a large degree by the exogenous cut in benefits in December 2013 as opposed to being the result of an employment adjustment which would have happened anyway and with the simultaneous cut in benefit durations being a pure coincidence. To the extent that the analysis of a placebo reform reveals that the employment in high benefit counties did not grow faster (or indeed grew even slower) than in their border counties in lower benefit duration states, it strengthens the case that the co-movement of the benefit cuts Table 2 contains the results of the estimation of the effect of unemployment benefit duration on employment using the baseline specification in Equation (8) for the period 2010-2014. We find that changes in unemployment benefits have a large and statistically significant 14 effect on employment: a 1 percent drop in benefit duration increases employment by 0.019 log point.
15
We can also use Equation (8) but not in earlier years. We conclude that both in 2010 and 2014 high benefit counties did not experience higher employment growth than low benefit counties for reasons unrelated to 14 To take into account the potential correlation in the residuals, standard errors in this and other specification in the paper are computed using block-bootstrap following Bertrand et al. (2004) .
15 This is slightly larger but comparable to the corresponding effect estimated in Hagedorn et al. (2013) .
benefits. The difference between 2010 and 2014, however, is that in 2014 benefits were cut whereas in 2010 such a cut did not happen. As a result, we find an employment boom in 2014
but not in the placebo reform. 
.1 Evidence on Reallocation and Mobility
As discussed above, the degree to which one can rely exclusively on our local estimates of the effects of unemployment benefit extensions to predict the effects of a nation-wide extensions depends on whether local benefit extensions induce a spatial reallocation of economic activity.
In this section we document the extent of such reallocation.
If the local change in employment was driven to an important degree by reallocation, we would expect that benefit extensions have a larger effect on the tradable sector, which can reallocate, than on the non-tradable, which can reallocate to a much lesser degree. Thus, if
there is substantial reallocation of economic activity in response to local changes in benefit duration, we would expect to find an increase in the ratio of employment in non-tradable to tradable sectors in the relatively high benefit duration counties. To assess this possibility, we apply our border-county empirical methodology to measure the change in employment in sectors producing output that is plausibly non-tradable across states, such as retail or food services, to the change in employment in tradable sectors. We find that a rise in benefit duration has no significant effect (a coefficient of -0.00267 with a p-value of 0.23) on the relative employment in the two sectors, implying that the null hypothesis of no reallocation induced by benefit extensions cannot be rejected in the data.
In addition, Hagedorn et al. (2015) use the Nielsen Consumer Panel Data to measure the responsiveness of cross state border shopping to changes in unemployment benefit generosity.
Their results indicate that this effect is also negligible.
16 Our motivation for considering border counties as a unit of analysis was the fact that these locations are relatively small and share common exposure to aggregate shocks which makes it more likely that the common trend assumption is satisfied. While we include all border county pairs in the analysis, we can also select subsets of border counties where this is even more likely to be the case. This does not alter the results, however. For example, restricting the sample to only small counties that account for less than 15% of their state's employment yields coefficients of -1.95 and -0.86 for employment and labor force, respectively. Similarly, limiting the analysis only to closely integrated counties in the same Core-Base Statistical Area yelds respective estimated coefficients of -2.08 and -1.42. Despite smaller samples, the coefficients remain highly statistically significant.
Another potential reallocation effect arises because households may live in different states than where they work. Note that this type of worker reallocation would bias even our local estimates if the households systematically change their job search behavior in response to changes in unemployment benefits. For example, suppose households search in states with less generous benefits to take advantage of a higher job-finding rate. As county employment is measured based on the place of residence and not on the basis of the location of the job, our estimate of the effect of benefit extensions on employment would be biased downwards, since households residing in high benefit counties would face a higher job-finding rate, which would translate into higher employment in their county of residence (despite them actually working in the neighboring county). To investigate whether this is the case, we use direct The survey is representative at the Public Use Micro Area level -a statistical area that has roughly 100,000 residents (and thus also for counties with more than 100,000 residents).
We compute the share of households in border counties who work in the neighboring state.
We can then examine how this share of cross state border workers responds to changes in benefits across states. Using the difference-in-difference estimator, we find a very small and statistically insignificant coefficient on weeks of benefits available of 0.0107 (p-value 0.219).
This evidence implies that workers' search behavior does not respond significantly to changes in local unemployment benefit duration.
Aggregate Implications of Baseline Empirical Results
The foregoing results that changes in benefit durations induce neither reallocation of economic activity nor worker mobility imply (using the model laid out in Appendix II) that we can rely on our estimate based on border counties to derive the implications for employment for the aggregate U.S. economy. In particular, our estimate implies that the drop in benefit duration led to a percentage increase in aggregate employment of 
that is U.S. employment increased by 1.5 percent due to the cut of benefit durations. The corresponding gain in the total number of employed then equals
Similarly, the percentage change in the size of the labor force in the U.S. due to the cancellation of benefits equals
and the corresponding increase in the size of the labor force is
Thus, more than half of the increase in employment was due to the increase in the labor force as a result of the reduction of benefit duration. The remaining increase corresponds to a decrease in the number of unemployed by 954, 600 = 2, 074, 100 − 1, 119, 500. Our analysis thus shows that the dominant impact of the benefit cut on employment was not driven by a contraction in the labor force -unemployed dropping out of the labor force because they were no longer entitled to benefits -but instead by those previously not participating in the labor market deciding to enter the labor force.
It is also interesting to note that the existing empirical literature has mainly attempted to measure the "micro" effect of unemployment benefit duration on search intensity and job acceptance decisions of individual workers. Hagedorn et al. (2014) find these effects to be very small, confirming the sentiment in the literature. Clearly, this micro effect is zero for those out-of-labor force who were entitled to benefits neither in 2013 nor in 2014. Yet, it was predominantly movements from out-of-labor force that drove the rise in employment in 2014. Note -All coefficients are multiplied by 100. Bold font denotes significance at a 95% level based on bootstrapped p-values in parentheses.
Presumably this happened due to a large "macro" effect of the benefit cut on job creation.
It is then the availability of jobs that drew non-participants back into the labor force, as is consistent with the standard prediction of labor search models.
Empirical Methodology I, Specification II -Interactive Effects
Model. Findings. Table 3 contains the results of this estimation of the effect of unemployment benefit duration on employment and labor force using the interactive effects specification of the factor model in Equation (11). This is the most flexible, albeit the least transparent, model of underlying county-level employment and labor force trends that we consider.
Relative to a more restrictive baseline specification, the results of estimating this model reveal slightly larger effects of unemployment benefit durations. Specifically, the estimates imply that a 1 percent drop in benefit duration increases employment by 0.0233 log points and the labor force by 0.0123 log points. Similar to the baseline specification, these estimates also imply that more than half of the increase in employment was due to the increase in the labor force as a result of the reduction of benefit duration. 4.4 Empirical Methodology I, Specification III -"Natural" Factors
Model. Findings.
We now consider the "hybrid" factor model specification where we include "natural" factors in addition to standard controls in the baseline specification such as fixed and time effect as well as pair-specific trends. We consider three aggregate time series for this purpose. Table 4 contains the results of this estimation of the effect of unemployment benefit duration on employment using the "natural" factors specification in Equation (12). Similar to the results from the two alternative specifications described above, we find that changes in unemployment benefits have a large and statistically significant effect on employment: a 1 percent drop in benefit duration increases employment by 0.0144 log point. We can again use Equation (12) with labor force on the left hand side to estimate the percentage change in the labor force attributable to the cancellation of policy. Estimating this equation, we find that a 1 percent drop in benefit duration increases the labor force by 0.0058 log points.
Unemployment Benefit Extensions and QCEW

Payroll Employment
The traditional approach, at least in the macroeconomics literature, to measuring the aggregate effects of policies on employment, defines the latter variable as including all individuals who did any work for pay or profit during a given week. For example, when measuring the aggregate effects, the literature usually does not draw a distinction whether the increase in employment was due to more individuals becoming employees or starting their own businesses.
The object of interest is the change in the total number of individuals supplying labor in the market in response to a policy change. This is the established definition of employment adopted by the Current Population Survey and it corresponds to the measure of employment used so far in this paper. The disadvantage of this measure of employment is that some components of employment have to be measured through surveys that are subject to sampling error.
A more narrow notion of employment can, however, be measured through administrative records. These data are called Quarterly Census of Employment and Wages (QCEW) and represent the count of jobs for which a paycheck subject to a UI tax was issued. Due to the nature of these data, this employment measure counts the number of jobs rather than the number of individuals with at least one job so that the same individual may be counted multiple times if he or she receives payments from multiple employers. Moreover, the data excludes most jobs not subject to the UI tax, such as self employed workers, unpaid family workers or employees of schools affiliated with religious organizations, railroad employees, etc.
as well as jobs excluded for other reasons, such as employees of national security agencies.
It is well documented that these two measures of employment often diverge significantly even after accounting for the differences in coverage.
18 Of a particular concern to the period we study is the sharp rise in non-traditional employment, or what has become known as the 18 See Hagedorn and Manovskii (2011) for the discussion and additional references. rise of "1099 economy" (the IRS form 1099-MISC must be submitted by all "employers" who pay someone $600 or more a year in nonemployee compensation). Dourado and Koopman (2015) document a sharp rise in the number of these forms submitted to the IRS in recent years. For example, an Uber driver would be paid this way. He or she will be classified as being employed according to the CPS definition but will not appear in the QCEW data. An additional complication presented by this rapid ongoing change in the labor market is that an Uber driver may not even classify himself as being self-employed but to consider himself as being employed by Uber when replying to the survey. This makes it challenging to interpret the data on self-employment and to use it in conjunction with QCEW data to obtain the picture of total employment changes.
Nevertheless, as QCEW data refer to a well defined segment of employment and are not affected by the sampling error, it appears interesting to assess the effects of the cut in benefits on payroll counts as measured by the QCEW. Accordingly, we repeat the entire analysis above using these data. Table 5 contains the results. We find that these data also reveal a significant positive impact of the reduction in benefit duration on payroll employment. Specifically, across the methodologies we consider, a 1 percent drop in benefit duration significantly increases payroll counts by between 1 and 1.4 log points. These effects are slightly smaller than those obtained using the total employment measures. The foregoing discussion illustrates the difficulties in interpreting this difference. For example, it might be that non-traditional employment was particularly sensitive to the cut in benefits. Alternatively, it might be that holders of several part-time jobs secured full-time employment as a result of increased job availability following the EUC08 expiration which would be recorded as a decline in the number of jobs in the QCEW. To put even these smaller estimates into perspective, consider the implied aggregate employment changes using the smallest estimate based on QCEW data across all specifications we consider. This estimate implies that the drop in benefit duration led to a percentage increase in aggregate payroll employment of
that is U.S. payroll employment increased by 0.8 percent due to the cut of benefit durations.
The corresponding gain in the total number of employed on payrolls then equals
This accounts for 36% of the growth in payroll employment in 2014.
Estimating the effects of a placebo reform on QCEW data once again indicate that without the actual cut in benefit duration, payroll employment and the labor force in high benefit counties grew slower than in the lower benefit duration counties across the state border.
Empirical Methodology II: Event Study Analysis
A different methodological approach we use to measure the impact of the cut in benefit durations on labor force and employment is based on an event study analysis. The event study approach is widely used in economics and finance (see MacKinlay (1997) for a survey).
The idea of an event analysis is simple. The normal or expected evolution of e.g. employment is estimated using data before the event. The pre-event estimate is then used to compute the "unusual" changes in employment as the deviation of the actual post-event evolution of employment from its normal behavior that would have been expected in the absence of the event. Thus, the post-event normal behavior of employment is computed using the estimates from the pre-event estimation window without conditioning on the event taking place.
In our application, the event is the cut in benefit durations at the very end of Decem- The key step of the event study methodology is to choose a rich model of the normal evolution of employment that fits the pre-event data as well as possible and can be used to accurately forecast its post-event evolution. Note that in an event analysis or a forecasting analysis including (potentially) endogenous variables on the RHS is not problematic since we are not interested in the estimated coefficients but we want to use all available information to accurately predict the (counterfactual) normal evolution of employment in 2014. The only restriction is that the forecast cannot rely on post-event variables that are endogenous with respect to the event itself. Therefore, the model we use to describe the normal evolution of employment in county i prior to 2014 features a cubic time trend and 4 lags of employment:
As before, we difference this equation between neighboring counties i and j in a pair p:
Denote the parameter values of this model estimated on the pre-event window with a hat.
These estimates can then be used to describe the expected evolution of the difference in employment across counties in a pair in 2014 without conditioning on the cut in benefit duration taking place:
where the expected post-reform evolution of employment is computed recursively.
The unusual or unexpected component of the dynamics of the difference in border county 
where ∆ p e p,t is the actual observed employment difference in a quarter t in 2014.
Finally, to assess the impact of the benefit duration cut on the unusual dynamics of employment in 2014, we estimateˆ *
As before, we compute standard errors via block bootstrap and take into account that our forecast ∆ p e p,t is an estimated outcome subject to forecast error. Table 6 contains the results of this estimation of the effect of unemployment benefit duration on employment and the labor force using an event study methodology. Both LAUS and QCEW data imply a large positive impact of the cut in benefit duration on the respective measures of employment. Similar to the preceding findings based on different methodologies, the results
Empirical Findings from the Event Study Analysis
19 Specifically, in each bootstrap replication, to construct the county forecastẽ i,t , we take the fitted value predicted by the pre-event regression,ê i,t and add in forecast error (to be consistent with the magnitude of errors from the forecasting regression, we do this by sampling from the residuals of the pre-event regression in Eq. 23). We then difference across pairs to generate E (∆ pẽp,t ).
of the event analysis imply that approximately one half of this increase in employment was due to the increase in the labor force as a result of the reduction in benefit duration.
Conclusion
In this paper we measure the effect of unemployment benefit extensions on employment and the labor force. We exploit the variation induced by the decision of the U.S. Congress in December of 2013 to abruptly stop all federal unemployment benefit extensions. The particular usefulness of this policy change for understanding the employment effects of benefit extensions stems from the fact that the policy change at the national level was exogenous to economic conditions of individual states.
Following the aftermath of the Great Recession, by December 2013 there was a wide heterogeneity of federally-financed durations of benefits across U.S. states, ranging from 0 to 47 weeks on top of the regular state-funded benefits with a typical duration of 26 weeks.
The available benefit duration in a given state just prior to the reform was endogenous to the economic conditions of the state. Thus the key challenge to a proper inference of the effects of benefits is to ensure that the effects are not confounded by pre-existing differences in employment or labor force trends.
Our formal analysis relies on four distinct empirical strategies to account for the possible trend differences across locations. Common to all of these strategies is the focus on comparing the counties that border each other but belong to different states and are thus subject to different UI policies. This is helpful primarily because underlying trends are likely to be more similar across relatively small neighboring counties than across large states or counties that are far apart. Moreover, the state-level policies are less likely to be endogenous to economic condition of individual border counties.
The first three empirical strategies use the pre-and post-reform data to estimate preexisting trends. The strategies differ in the modeling of trends (they all allow for county level fixed effects and aggregate time effects). The baseline specification, which is the workhorse in the literature, simply controls for deterministic county level trends. The second model of trends is the latent factor (or interactive effects) model where county-level trends are assumed to be induced by different exposure of each county to various aggregate shocks. This is a very flexible model of trends but the estimated aggregate factors and county-specific loadings do not have a clear economic interpretation. Consequently, the third model is a hybrid of the first two where the aggregate factors are represented by aggregate time series which are recognized drivers of the aggregate economy.
The fourth empirical strategy relies on the event study methodology where county-level employment and labor force trends are estimated on the pre-reform data only and the effects of benefits are inferred from the difference in the actual evolution of the labor force and employment following the reform from the prediction based on the pre-reform data.
A simple descriptive analysis shows a much faster employment growth in 2014 in counties that belong to high benefit states relative to their neighboring counties that belong to states with lower benefit durations prior to the reform. It also finds no evidence of mean-reversion at the level of border counties. In other words, in the absence of a change in UI policy, counties that belong to high benefit states in a given quarter are not more likely to grow faster subsequently than the neighboring counties across the state border. Moreover it illustrates that even the least flexible model of county-level trends among those we consider ensures that conditional on the estimated trends, the common trend assumption is satisfied when border counties are compared.
Applying the four formal empirical methodologies, we find that after controlling for heterogeneous county-level employment trends, changes in unemployment benefits have a large and statistically significant effect on employment: a 1 percent drop in benefit duration increases employment by 0.0144 to 0.0233 log point and labor force by 0.0058 to 0.0123 log points.
These estimates are based on comparisons of border counties. While this is of direct interest for assessing the effects of local policy changes, it is also desirable to be able to use these estimates to infer the effects of a nation-wide policy change. We documents several empirical facts and provide a simple model that guides the aggregation of these effects. We find that the cut in benefit duration accounted for about 50 to 80 percent of the aggregate employment growth in 2014. Over half of the aggregate employment growth was due the increase in the labor force induced by the policy reform.
While our primary focus in the paper is on total employment and the labor force for which the only data source is the LAUS program of the BLS, we also replicate the entire analysis using the administrative payroll counts from the QCEW. As we discuss above, the two data sets are different in terms of the notion of employment and in terms of coverage. The conclusions they lead to are nevertheless very similar. More generally, all our findings, although based on different methodologies and different data sets, point to the same conclusion that the benefit cut in 2014 lead to significant employment gains and an increase in the labor force.
To highlight the similarities between them, Figure 4 collects the estimates of the aggregate employment and labor force growth in 2014 due to the policy reform across all methodologies and data sets we consider.
Our empirical approach is agnostic about the channels which cause employment and labor force participation to increase. Instead of measuring one specific channel, our objective is to measure the aggregate total effect of all potential channels at the same time, including equilibrium effects. In particular, our measure also includes the effect of changes in demand on employment and the labor force, while remaining agnostic about the reason for the change in demand. For example, it allows for a drop in demand (e.g. in nontradables) across counties due to the cut in benefit payments as well as an increase in demand as a result of an increase in employment which is due to the benefit cut.
While we did not impose any theoretical restrictions of a particular labor market model on our empirical analysis, the findings are consistent with the predictions of the standard equilibrium labor market search model. For example, the primary labor market effect of a cut in unemployment benefit duration in the framework of Mortensen and Pissarides (1994) is the positive impact on job creation (in such a framework Mitman and Rabinovich (2013) find a quantitatively similar effect of the expiration of benefits on employment in 2014). It is this rise in job creation that leads in equilibrium to the increase in employment. It is also consistent with standard search models that an increase in job availability draws nonparticipants (who are not eligible for benefits either before or after the reform) into the labor market leading to a positive effect on the labor force (for a textbook treatment see Chapter 7 in Pissarides (2000)), even outweighing the potentially countervailing effect of unemployed leaving the labor force after losing eligibility for benefits. Remarkably though, such aggregate labor market implications of unemployment benefit policies have been largely neglected by the empirical literature. The findings in this paper suggest that future research and policy analyses should take these aggregate implications into account.
Appendices I Estimating the Number of Factors
To implement the interactive effects estimator, we need to specify the number of factors. Bai and Ng (2002) have shown that the number of factors in pure factor models can be consistently estimated based on the information criterion approach. Bai (2009) shows that their argument can be adapted to panel data models with interactive fixed effects. Thus, we define our criterion CP as a function of the number of factors k as:
wherek ≥ r is the maximum number of factors, N is the number of pairs, T is the number of time observations,σ 2 (k) is the mean squared error, defined aŝ
and F t (k) and λ i (k) are the estimated factors and their loadings, respectively, when k factors are estimated. To avoid collinearity, we setk to the minimum of seven and T − 1, one less than the total number of time observations. Our estimator for the number of factors is then given byk = arg min k≤k CP (k).
II Aggregation: A Simple Trade Model of the US
In this section we show that we can use our estimates based on border counties to derive the implications for the induced employment for the aggregate U.S. economy. To this aim, we develop a model where each county is an open economy inside the (closed) US economy. The labor market in each county is governed by a Mortensen Pissarides search and matching model. Each county produces (and consumes) a nontradable and a tradable good. Both sectors, the one producing the tradable good and the one producing the nontradable one, operate in the same labor market and are subject to the same labor market frictions as in s standard Mortensen Pissarides model. The evidence provided in Section 4.2.1 implies that the unemployed do not change where to search for a job in response to changes in benefits.
In the model, which we use to study a policy change in benefits, we therefore assume that unemployed search for jobs in their own county only.
Specifically, each county is described by a discrete time two sector version of the Pissarides (1985 Pissarides ( , 2000 search and matching model. There is a measure one of infinitely lived workers and a continuum of infinitely lived firms. Workers maximize their expected lifetime utility: value of being unemployed and searching in sector Ω by U Ω .
The interpretation is straightforward. Operating firms earn profits p Ω A Ω − w Ω and the matches are exogenously destroyed with probability s. A vacancy costs c and is matched with a worker (becomes productive next period) with probability q(θ Ω ). An unemployed worker derives utility z and finds a job next period with probability f (θ Ω ). An employed worker earns wage w Ω but may lose her job with probability s and become unemployed next period.
Nash bargaining with worker bargaining power β implies that a worker and a firm split the surplus S Ω = J Ω + W Ω − U Ω such that
Free entry implies that the value of posting a vacancy is zero: V Ω = 0 and, therefore, c = δq(θ Ω )(1 − β)S Ω .
As shown in Hagedorn and Manovskii (2008) the steady state surplus equals
Plugging this into the free entry condition yields:
and, equivalently,
Since unemployed workers are indifferent between searching in the tradable or in the nontradable sector, U T = U N T , which implies that A T = p N T A N T (where we used the normalization p T = 1), θ T = θ N T and w T = w N T . To see this, suppose A T = p N T A N T , say A T > p N T A N T . Then, the above equations imply that θ T > θ N T and since wages equal
we also have w T > w N T . As a a result, U T > U N T , implying by contradiction that A T = p N T A N T , which then implies θ T = θ N T and w T = w N T .
This implies that employment in county i equals e i = f (θ i ) s+f (θ i )
, where θ i = θ T = θ N T .
Employment in the US then equals
where L i is labor force in county i.
In the empirical analysis we compare two neighboring counties i and j. The difference in log employment is log(e i ) − log(e j ) + log(L i ) − log(L j ), where in this simple model L i and L j are fixed. Our regression then delivers an estimate of the elasticity of employment in county i w.r.t. an increase benefit duration in county i, since employment in county i does not depend on the benefit level in other counties. To see this, note that since θ i solves 1 − δ(1 − s) δq(θ i )
it just responds to changes in z i but not to changes in z j . This then implies that this measured elasticity yields also the response of county i employment when we compute the policy induced change in employment for the whole US. Specifically, the percentage employment gain in the US equals 
where α is the estimated elasticity at the county level and b is the logarithm of benefit duration. The corresponding gain in the total number of employed then equals
The same derivations for employment can be applied to the labor force as well. Indeed, Pissarides (2000) shows in a more complex model, where heterogenous households take a participation decision, that the labor force can be written as a function of market tightness as well. The same derivations as above in the more elaborated model imply that labor force in a county depends on market tightness in that county only (and not on market tightness in other counties). Our regression then delivers again an estimate of the elasticity of the labor force in county i w.r.t. an increase benefit duration in county i (since labor force in county i does not depend on the benefit level in other counties). And we can again use this estimate at the county level to compute the percentage change of the aggregate labor force and the gain in the the total number of labor force participants.
